HŘIVNA, L., RICHTER, R., RYANT, P., PŘÍKOPA, M.: The eff ect of the previous crop and diff erentiated fertilisation on yields and content of N-substances in spring barley grain. Acta univ. agric. et silvic. Mendel. Brun., 2009, LVII, No. 5, pp. 141-148 In small-plot experiments established in 2001-2004 we studied the eff ect of the chemical composition of the plant dry matter of spring barley, varieties Kompakt and Jersey, on grain yields. A re la tive ly strong correlation was confi rmed between the chemical composition of the plant dry matter and yields. The correlation was most intensive in the case of nitrogen (r = 0.536), phosphorus (r = 0.503), magnesium (r = 0.464) and sulphur (r = 0.431) at the beginning of shooting (DC 30); in the case of potassium (r = 0.557) at the beginning of tillering (DC 23) and calcium (r = 0.530) during ear formation (DC 55). A relatively strong correlation remained from the beginning of tillering to the beginning of ear formation and later decreased. The weather conditions of the year and variety signifi cantly affected grain yields and also the previous crop was important. Grain yields of the variety Kompakt were statistically signifi cantly lower than of the variety Jersey (6.02 t . ha −1 and 6.45 t . ha −1
Apart from the weather conditions of the year and soil type stabile yields and quality of spring barley are aff ected by a number of other agronomical factors; their order has not been unambiguously defi ned (Kulík, 1995; Procházka, Hudcová, 1989; Petr et al., 2000 , Zimolka et al., 2006 . A very important factor in the system of production of spring barley intended for malting in terms of yields and quali ty of grain is a suitable previous crop (Cerkal et al. 2001; Příkopa et al., 2005) . The best previous crops are thought to be organically fertilised tuber crops which maintain the good fi eld strength of the soil. Particularly suitable are such crops whose post-harvest residues decompose rapidly a er incorporation and mineralise before the barley plants emerge. The released nutrients are then utilised for rapid and smooth plant growth from the very beginning of vegetation.
The high dynamics of growth of spring barley is connected with its rapid development. The short vegetation period and weak root system further increase the demands of barley. In nutrition the focus is on nitrogen from the very beginning of ve ge ta tion. The high demands of barley for nitrogen at the beginning of vegetation are complicated by intricate soil dynamics dependent on the content of organic substances in the soil, the C:N ratio, soil tem pera tu re, soil humidity, content of micro-or ga nisms which support the release or immobilisation of nitrogen in the soil environment etc. (Arisnabarreta et Miralles 2004; Zimolka et al. 2006 ).
Regulation of the nutritional status of spring barley is one of the important factors. In order to produce high yields of good quality nitrogen fertilisation must be balanced and based on soil analyses and analyses of plants in the early stages of vegetation. The reason is that from emergence until the 25 th to 30 th days (DC 29) spring barley absorbs 40-60 % of all nutrients and in this period produces only about 20 % of dry matter (Richter and Bezděk, 2000) . An optimal content of nitrogen and phosphorus stimulates the production of tillers. Plants require higher nitrogen intake especially until the stage of elongation growth when spring barley produces a high amount of biomass. In the stage of elongation of leaf sheaths the intensity of nitrogen uptake is closely connected with barley yields (Weston et al., 1993; Kubinec, 1998) . Overfertilisation with nitrogen results in a higher content of N-substances in the grain. Carreck et al. (1992) discovered that nitrogen rates increased by 25 kg per ha increased the content of N-substances in the grain by 0.1%. But the question still is how to specify the optimal rate and what in fact is the increase. The thing is that of late we have o en seen that barley lacks nitrogen and this is negatively refl ected in a low content of N-substances in barley grain. If grain yields are above 6 t . ha −1 the content of N-substances is much below 10 %. That is why we must provide proper fertilisation, and not only with nitrogen. It is no easy task as you will see in the present study.
MATERIAL AND METHODS
In 2001-2004 spring barley, varieties Jersey and Kompakt, was grown a er three diff erent previous crops: winter wheat, sugar-beet and maize for grain.
The experiment was established in the form of randomised blocks and each treatment was sown in four replications. The size of the experimental plot was 19.5 m 2 . When the previous crop was harvested the post-harvest residues (wheat and maize straw, sugar-beet tops) were crushed and incorporated along with stubble ploughing followed by mean ploughing. Soil preparation was the same every year, i.e. smoothing and harrowing performed twice. A number of operation steps were carried out during vegetation; Tab. I gives a survey. The plants were harvested in the stage of full ripeness with the SAMPO-ROSENLEW small-plot combine harvester.
Before sowing the spring barley the soil samples were taken to analyse the basic agrochemical soil properties using the method according to Melich III. At the same time the content of the nitrate and ammonia forms of nitrogen were determined (Tab. II). In 2002 basing on the results of these analy ses Amofos (12 % N, 22.7 % P) was applied before sowing barley at a rate of 200 kg . ha −1 in order to increase the content of available phosphorus. In 2003 due to a lower pH value we applied the fertiliser Hyperkorn (11.4 % P, 1.8 % Mg) a er wheat and sugarbeet at a rate of 200 kg . ha −1
. In 2002 the basic rates of nitrogen a er wheat were reduced by the rate of nitrogen applied in the Amofos fertiliser.
A er sowing and before emergence of the plants we applied ammonium nitrate (34 % N) with nitrogen at rates of 30 and 50 kg . ha −1 a er wheat and maize, respectively; a er sugar-beet the fi rst treatment was not fertilised and in the other treatments we applied 30 kg . ha −1 (Tab. III). At growth stage DC 23, 30-31, 33, 55, 71 plant samples were taken to assess the contents of N, P, K, Ca, Mg, S. An average sample of grain was taken a er harvest and the basic nutrients were determined according to the methods used by the Central Institute for Supervising and Testing in Agriculture (ÚKZÚZ) (Zbíral et al., 2005) .
Statistical processing was conducted using the method of variance analysis followed by Tukey's test (Meloun et Militký, 1998) . For statistical evaluation we used the UNISTAT 5.1 programme. To evaluate the correlations we used the method expressing the linear course of dependences -regression -using the regression line. Calculations of parameters of linear regression functions draw on the method of least squares.
On the contrary if it equals 0 it means that the regression equation is not able to predict the values. The strength of the dependence was expressed as a correlation coeffi cient subsequently tested at a signifi cance level of α ≤ 0.05 (signifi cant dependence).
The F-test (Fischer -Snedecor) was used to decide if the dependent / independent variable relationship was not random. The eff ect of the previous crop and diff erentiated fertilisation on yields and content of N-substances 143
RESULTS AND DISCUSSION
The analysed samples of barley plants taken during vegetation confi rmed that there was a relatively strong correlation between the chemical composition of the plant dry matter and yields (Tab. V) and that it appeared the strongest when nitrogen, phosphorus, magnesium and sulphur were applied at the beginning of shooting (DC 30), potassium at the very beginning of shooting (DC 23) and calcium during ear formation (DC 55). We should point out that a relatively strong correlation remained from the onset of tillering until the onset of ear formation and the eff ect of the nutritional status on grain yields did not decrease until later. Baier et al. (1990) , Richter et Bezděk (2000) , Otegui et al. (2002) dis cove red that it was also connected with a higher content of nutrients in the plants in the early stages of development which is basically decisive in terms of the uptake and accumulation of the nutrient in tissues during tillering and shooting. The ensuing reduced uptake during ear formation and re-distribution into the reserve organs distorts this correlation and decreases the correlation dependence which is seen in the decrease in values of the correlation coeffi cient.
Focusing on the dynamics of changes in the correlations between the chemical composition of the plant dry matter and grain yields we see that the decisive period for nitrogen is the onset of the shooting and ear formation stages; in practice it means that the plants must have a suffi cient supply of nitrogen as early as during tillering and sustain a good supply of nitrogen also during the shooting stage. The correlation between phosphorus and yields is stronger in the initial stages of development and because in this period uptake by plants is often diffi cult it must be applied as near as possible to the roots. In terms of yields potassium and calcium are important throughout vegetation, particularly during period DC 50-55. The correlation between the level of magnesium and sulphur and yields was not as strong as the other nutrients. The eff ect of sulphur on yields was the strongest in the fi rst two developmental stages. In the early developmental stages (DC 23-30) the content of S in the plants is rela ti ve ly high. Smith et Lang (1988) , Geda et al. (1995) reported that in these stages it is primarily the redistribution of sulphate from older leaves to the new developing ones. The S content in the nutritious medium also positively aff ected the S supply. Thus sulphur could have a positive eff ect on N utilisation, much like in wheat (Schnug et al., 1993) .
In contrast to grain yields no correlation was confi rmed between the content of N-substances in grain and uptake of nutrients by the plant (Tab. V). It is particularly important for N and P where the correlation coeffi cients are very low. The correlation between the content of N-substances in grain and the S content in plant dry matter was more marked during shooting until ear formation. From these results we can deduce that the content of N substances was aff ected most of all by the weather conditions of the year.
Tab. VI shows that the weather conditions of the year, the variety and previous crop had a highly signifi cant (P> 0.999) eff ect on the yields of barley grain. Tab. VII and IX give the average 4-year results of grain yields of the Kompakt and Jersey varieties. The grain yields of the variety Kompakt were statistically highly signifi cantly (P > 0.999) lower (6.02 t . ha ); the lower yields of the latter variety contributed to high grain N-substances contents (Tab. VIII).
We evaluated the individual previous crops and discovered that the best was sugar-beet for both barley varieties. By contrast, yields were the worst when the previous crop was maize which reduced yields of the Kompakt and Jersey varieties by 9.7 % and 9.1 %, respectively. If we assess the yields of the variety Kompakt on the basis of fertilisation we see that when N min nitrogen (treatment 2) was applied a er sugar-beet as the previous crop we achieved the highest yields (6.40 t . ha −1
). If Campofort Garant P was applied in the DC 30 and 50 stages to correct the nutritional status it did not aff ect grain yields after this previous crop. By contrast when barley was grown a er wheat and maize the foliar application of the fertiliser had a positive eff ect on grain yields but the yields of treatment 3 and 4 increased within the range of 0.3-4.9 %. A higher increase in grain yields was monitored a er application in the DC 30 stage; to a certain extent this corresponds with the fact that in terms of the eff ect of phosphorus this growth stage is decisive for yields (Tab. V).
The tendency of the barley variety Jersey was different. The yields were the highest (6.93 t . ha -1 ) again a er sugar-beet as the previous crop. To achieve these yields additional nitrogen fertilisation was necessary according to the content of N min and an application of Campofort Garant P (treatment 3) in the DC 30 stage. The eff ect of Campofort application had no marked eff ect on barley grown a er the other previous crops. With higher grain yields the level of N-substances in the Jersey variety decreased as compared with the Kompakt variety, i.e. 11.35 % and 11.60 %, respectively. Likewise Faměra et Beber (1989) , Kopecký (1985) and Tichý et al. (1991) arrived at the same conclusions proving that yields aff ected the content of N-substances. An application of nitrogen at a rate of 30 kg . ha −1 a er sugar-beet as previous crop based on the level of N min (treatments 2-4) and increasing the rate of nitrogen by 20 kg . ha −1 , i.e. from 30 to 50 kg, of barley grown a er wheat and maize increased the content of N-substances in barley grain (Tab. VIII and X). A relatively strong correlation remained from the beginning of tillering to the beginning of ear formation and later decreased. The weather conditions of the year and variety signifi cantly affected grain yields and also the previous crop was important. Grain yields of the variety Kompakt were statistically signifi cantly lower than of the variety Jersey (6.02 t . ha −1 and 6.45 t . ha −1 , respectively). The yields of barley grown a er sugar-beet were the highest (6.30-6.79 t . ha −1 ); the grain yields of barley a er maize decreased by 9.1-9.7 %. Higher grain yields of the Jersey variety resulted in levels of N-substances (11.35 %) lower than in the Kompakt variety (11.35 % and 11.60 %, resp.). No correlation was discovered between the nitrogen level in the plant dry matter during vegetation and the content of N-substances in barley grain. 
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